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Detectability of auditory warning signals in the ambient noise of Dutch
train cabins

Hanneke E.M. van der Hoek-Sniedersa , Rolph Houbenb and Wouter A. Dreschlera

aDepartment ENT-Audiology, Amsterdam UMC, University of Amsterdam, Amsterdam, Netherlands; bPento Audiology Center
Amersfoort, Amersfoort, Netherlands

ABSTRACT
Locomotive engineers need to detect auditory warning signals for safe and effective job per-
formance. We measured the levels and spectra of the warning signals and noises present in
Dutch train cabins to evaluate the effectiveness of these signals. Audio-recordings were made in
six train types during normal operation. Signal detectability was estimated using the
Detectsound software and compared against ISO 7731. Signal detectability was also measured
in six normally-hearing individuals in a laboratory setting. Signal levels ranged between 68 and
84 dBA. Noise levels ranged between 53 and 77 dBA. The acoustical requirements for signal
detectability were not met in multiple driving conditions, especially at higher speed. Sufficient
signal-to-noise ratio’s were achieved in the laboratory measurements, but difficulties can be
expected in unfavourable driving situations or when the engineer suffers from hearing loss.
Acoustical, environmental, or work modifications might be required to prevent situations with
insufficient audibility in hearing-impaired engineers.

Practitioner summary: The audibility of the warning signals in Dutch trains was evaluated by
comparing signal and noise spectra. The results showed that sufficient audibility is not always
guaranteed. Under laboratory conditions, normally-hearing individuals could compensate for the
suboptimal acoustic circumstances, but acoustical, environmental, or work modifications might
be required to prevent situations with insufficient audibility in hearing-impaired engineers.
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Introduction

In many occupations, employees fulfil auditory tasks,
such as speech communication and sound detection
(Semeraro et al. 2015). This can be very challenging in
some working settings, for example when high noise
levels are present (Giguere et al. 2008). For locomotive
engineers (train drivers), speech communication and
sound detection are important for safe and effective
job performance (Zoer, Sluiter, and Frings-Dresen
2014). An engineer needs to communicate to the sig-
naller, conductor, and others by answering calls, mak-
ing announcements, and using communication
equipment. Detection of warning signals is required to
be warned in case of events that can compromise
safety (Zheng et al. 2007). The signals aim to alert the
driver at passing a sign and to verify whether the
engineer is still alert for safe driving (Fenner 2002;
Scaccabarozzi et al., 2017). In Dutch train cabins, the

Automatic Train Protection (ATP) system applies a
bell-like signal combined with a warning light in the
console in case of failure to stop for a stop signal, fail-
ure to reduce speed at a caution signal, or failure to
comply to the local speed limit. The Driver’s Safety
Device (DSD), also known as “the dead man’s switch,”
produces a buzzer-type auditory warning and is a fail-
safe in case the driver becomes incapacitated.

Earlier, the appropriateness of the sound environ-
ment of Dutch locomotive cabins for speech commu-
nication was assessed, using the Speech Transmission
Index (STI) (Houben, Sorgdrager, and Dreschler 2007).
The STI values were 0.69 for communication using a
transceiver and 0.76 for communication using a
mobile phone, exceeding the value of 0.5 that is
required for acceptable speech communication. It was
concluded that the working environment of Dutch
locomotive cabins meets the acoustic standards for
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speech communication. The appropriateness of the
acoustic environment of Dutch locomotive cabins for
warning signal detection has not yet been investi-
gated, despite its importance for safe and effective job
performance. Failure to detect the warning signals will
result in decreased safety and decreased operational
effectiveness (Semeraro et al. 2015; Merat et al. 2002).
If the DSD or ATP signal is missed, the emergency
breaking system will automatically reduce speed or
bring the train to a full stop.

To guarantee that a locomotive engineer is capable
of performing the required auditory tasks, pure tone
audiometry is applied prior to employment as well as
on a periodical basis (Tufts, Vasil, and Briggs 2009). In
this study, normal hearing is defined as having hear-
ing thresholds between 1000Hz and 4000Hz below
25 dB HL, because an engineer passes the hearing
screening without being referred for additional hear-
ing assessments when hearing thresholds are meas-
ured at 25 dB HL or lower on the frequencies 1000,
2000, and 4000Hz at the better ear. When a driver
passes the hearing screening, sufficient hearing for
safe and effective job performance is concluded. It is
thus assumed that train drivers with hearing thresh-
olds below 25 dB Hearing Level (HL) are capable of
signal detection in the train cabin. This assumption
has not yet been validated.

To evaluate the detectability of warning signals in a
specific work-setting, the signal level should be taken
into account (Edworthy 1994; Gigu�ere et al., 2008). If
the signal level is too low, the warning signal cannot
attract proper attention. According to ISO 7731, a
warning signal level is advised to be at least 65 dBA
to ensure audibility (ISO 2003). If the level is too high,
the sound can be distracting, can hinder speech com-
munication, or even can cause startle reactions
(Edworthy 1994; Gigu�ere et al., 2008). ISO 7731 there-
fore states that the maximum sound level of a warn-
ing signal should not exceed 118 dBA (ISO 2003).
Additionally, the background noise at each workplace
should be taken into account, including the level,
spectrum, and type of the noise (Edworthy 1994;
Gigu�ere et al., 2008). A train cabin is a noisy working
environment with A-weighted estimated noise levels
between 70 and 93 dBA (Lie et al. 2013; Peng et al.
2019). Driving speed can influence the ambient noise
level, since the overall exterior sound emission
increases with driving speed and several of the
internal noise sources depend on driving speed, such
as the motor and cooling ventilator (Kurze, Diehl, and
Weißenberger 2000; Pronello 2003). Noise levels have
been shown to differ between Italian train types

(Pronello 2003), but this has not yet been investigated
for Dutch trains. Furthermore, it is unknown if the
effect of driving speed on the noise level is similar in
different train types.

Computerised tools have been developed to model
the expected signal detectability in a specific work set-
ting (Gigu�ere et al., 2008). These models are often
based on masked thresholds, defined as the signal
level that is just detectible in the presence of the
workplace noise (Zheng et al. 2007; Gigu�ere et al.,
2008). In accordance with ISO 7731, a signal level of
10–15 dB above masked threshold has been proposed
to warrant signal detectability (ISO 2003; Laroche et al.
1992). There is no model available yet that computes
the detectability of the warning signal in the work
situation of Dutch locomotive engineers. We therefore
aim to specify the acoustic characteristics of the warn-
ing signals and the noise levels present in Dutch train
cabins and to evaluate the effectiveness of these
warning signals when presented to normal hearing
locomotive engineers.

Materials and methods

This study comprises a cross-sectional and observa-
tional design. Acoustical measures were carried out to
obtain the level and spectrum of the warning signals
and the ambient noise in different Dutch locomo-
tive cabins.

Setting

The measurements took place from April 2006 to
March 2007. Six types of trains were included, specific-
ally: Materieel64 (Mat’64), Locomotief1800 (Loc1800),
Sprinter, Motorrijtuig DubbelDeks Materieel (mDDm),
InterCity Materieel (ICM), and Verlengd InterRegio
Materieel (V-IRM). All trains had electric engines and
were exclusively used for conveyance of passengers.
For each train type, measurements were performed in
two or three different trains with a different locomo-
tive engineer operating within the standard schedule.
To avoid possible bias of too low or too high accelera-
tions, the engineers were told that the sound meas-
urements would be used to investigate the audibility
of warning signals and not to judge their driving skills
or sound exposure. The railroad tracks were selected
to be representative for the Netherlands and thus did
not contain hills. The train speed at which was meas-
ured depended on the railroad tracks that were
selected. Since the highest noise levels were expected
at maximum speed, at least two measurements were
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performed at maximum speed in each of the train
types. The maximum speed is 120 kilometres per hour
(km/h) in the Sprinter and V-IRM, and 130 km/h in the
other trains. The measurements were performed under
dry weather conditions with a maximum wind speed
of 35 km/h.

Acoustical measurements

The acoustical data were collected by sound record-
ings on digital tape. The on-site measurement set-up
consisted of a calibrated sound level meter (B&K 2260
SLM with calibrator B&K 4230) connected to a port-
able Digital Audio Tape (DAT)-recorder (Tascam DAP).
Prior, during, and after the on-site measurements, the
recording system was calibrated and checked with a
B&K Sound Calibrator Type 4231. The level of the cali-
bration tone was recorded on the Tascam DAT
recorder in the same way as the real measurements
were made. This recorded calibration-tone was then
used to determine the correct level of the DAT record-
ings during the off-line analysis. The acoustical data
were digitally transferred to a computer that was con-
nected to an Echo Gina 24/96 sound card. A-weighting
and octave band filtering were applied in compliance
with respectively IEC 61260 Class 1 and IEC 61260
(Couvreur C. Octave 1997). The DSD and ATP signals
were measured in all trains. If adjustable, the volume
setting of the warning signal was set at maximum.
The DSD signal was measured in quiet. The ATP signal
does not occur in quiet and was therefore measured
at the lowest speed at which the signal occurs. Unlike
the DSD, the ATP signal decays over time. The ATP
recordings were therefore averaged over the first
200milliseconds after onset. This duration roughly cor-
responds to the human integration time for tonal sig-
nals (Viemeister 1996).

Laboratory measurements

Six subjects (one male; five female) took part in the
laboratory measurements. The detectability of the DSD
and ATP signal was assessed in the ambient noise of
six train types. All participants had normal hearing,
defined by pure-tone detection thresholds from 250
to 8000Hz via air conduction below 25 dB HL. Prior to
taking part in the study, informed consent
was provided.

A stepwise two-alternative forced choice adaptive
approach was used to determine the Signal-to-Noise
Ratio (SNR) at which 50% of the warning signals can
be detected. We will refer to this outcome measure as

the SNR50. The noise level was fixed at a presentation
level that corresponds with the real-live noise level at
the train’s maximum speed. The signal level varied
and started at a level of 30 dB Sound Pressure Level
(SPL) above the expected SNR50. After each correct
response, the signal level decreased with a step size
of 4 dB SPL until the individual failed to detect the sig-
nal correctly. Then, the signal level increased again
and followed a one-up one-down procedure with a
2 dB stepsize. The test was continued until five rever-
sals were obtained. The test was programmed in
Matlab (The Mathworks, 2005).

The detection test was performed in a sound-
isolated booth in a free field setting. The individual
was sitting in a chair in the middle of the booth and
was surrounded by six omnidirectional speakers at 0,
45, 80, 180, 280, and 315 degrees, and a subwoofer.
All subjects were instructed to push the button when
a signal was heard, even if the signal was very soft. All
individuals completed the test twelve times, since the
SNR50 was determined for the DSD and ATP signal
separately in the ambient noises of six train types. The
testing order of the noises and warning signals was
counterbalanced across subjects.

Statistical analyses

The acoustical measurements were analysed in in
Matlab with the Statistical Toolbox (The Mathworks,
2005) and with Statistica (StatSoft, 2009). Descriptive
statistics were calculated for the level and spectrum of
the warning signals and the noise field, as well as for
the laboratory measurements. For all train types, oct-
ave band spectra in dB SPL as well as the A-weighted
equivalent sound pressure level in dBA (LAeq) were
presented when driving 80 km/h, 100 km/h and when
driving at maximum speed. Differences in ambient
noise levels between the train types were investigated
using a repeated measures analysis with train type,
driving speed, and the interaction between train type
and driving speed as independent variables. This ana-
lysis was performed with the Statistical Package for
Social Sciences (SPSS) version 25.0 (Armonk New
York USA).

The detectability of the DSD and ATP signal was
estimated with the Detectsound software (Zheng et al.
2003) that has been developed to evaluate the effi-
cacy of auditory warning signals in noisy workplaces
(Laroche et al. 1991). Using this software, the detect-
ability of acoustic warning signals in real-life condi-
tions can be predicted. A validation study has
revealed that the mean error in estimating detection
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thresholds in continuous noise fields is typically within
1 dB with a standard deviation of less than 2.5 dB
(Zheng et al. 2007). To run Detectsound, the acoustic
characteristics of the ambient noise at the workplaces
and the warning signals should be obtained in 1/3
octave band levels from 125 to 1,25,000Hz (Laroche
et al. 1991). Warning-signal detectability is predicted
for each workplace by comparing the spectral content
of the warning signal with the predicted optimal
range, also known as “the design window.” Therefore,
the masked detection threshold is calculated accord-
ing to the acoustical characteristics of the noise and
the hearing status of the receivers (Zheng et al. 2003;
Proulx, Laroche, and Latour 1996). In ISO 7731, a signal
level is proposed of 10–15 dB above the masked
threshold, and a warning signal is advised to have sig-
nal components in the range of 500–2500Hz (ISO
2003). In line with these recommendations, the lower
and upper limit of the design window are respectively
12 and 25 dB above the masked detection threshold
for the detection of the warning sound in the given
noise field in frequencies ranging from 125 to 3150Hz
(Zheng et al. 2003). In ISO 7731, it is proposed that at
least one spectral component should reach the design
window (ISO 2003), but several authors have sug-
gested that more than one component is required to
account for the common fluctuations in background
noise of many workplaces (Zheng et al. 2007; Laroche
et al. 1999; Patterson 1990; Hung and H�etu 1996; Hetu
1996). The advised number of spectral components
required varies from three to four. We consider the
spectral requirements for audibility met, when the

warning signal has a minimum of three spectral ele-
ments (spectral levels measured in 1/3 octave bands)
within the design window.

Results

Descriptives

Warning signal
An overview of the level and spectrum of the DSD
and ATP signal is presented in Figure 1. The LAeq
varies between the train types from 71.7 to 84.2 dBA
for the DSD signal and from 68.2 dBA to 81.5 dBA for
the ATP signal. The level of the DSD signal remains
relatively constant over time, whereas the level of the
ATP signal decreases (Figure 2). The high frequency
components of the ATP signal are about 4.5 dB higher
at onset than the average level that was used in the
calculations.

Noise-field
In total, 63 noise field measurements took place in 14
different trains with driving speed ranging from 40 to
130 km/h. The noise can be regarded as continuous
noise. Figure 3 presents for each of the six train types
the mean octave-band spectra and the mean LAeq of
the background noise for the driving speeds 80 km/h,
100 km/h and for the maximum speed. When driving
at 80 km/h, measured LAeq values range from 57.0 to
70.3 dBA. When driving at maximum speed, LAeq val-
ues range from 67.3 to 77.1 dBA. The differences in
LAeq between the three driving speeds differ between

Figure 1. Octave-band spectra in dB SPL of the dead man’s switch and automatic train protection system in six Dutch train types.
Additionally, the A-weighted equivalent sound pressure levels are shown. Two line graphs plotting the spectrum of the auditory
warning signals present in Dutch train cabins
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the train types and this speed dependence is the larg-
est in the ICM and the smallest in the Sprinter. No
obvious changes in spectrum are observed when
increasing the driving speed, except in the mDDm.
When driving 100 or 130 km/h rather than 80 km/h,
higher spectral noise levels were observed between 1
and 8 kHz. The results of the generalised linear model
show that LAeq varies significantly between the differ-
ent train types (df ¼ 5, F¼ 29.70, p < .001) and driv-
ing speeds (df ¼ 11, F¼ 6.80, p < .001). Additionally,
the interaction term is significant (df ¼ 18, F¼ 2.16, p
¼ .032), which indicates that the effect of speed
depends on the train type. The post-hoc tests reveal
that three pairs of trains do not differ significantly
from each other, specifically Loc1800 & Mat64, Mat64
& Sprinter, and ICM & V-IRM. The LAeq of Loc1800,

Mat64, and the Sprinter are significantly higher than
the LAeq of the ICM and the V-IRM. The LAeq of the
Loc1800, is significantly higher than the LAeq of the
Sprinter. Since LAeq significantly differs between the
train types, we will evaluate the signal detectability of
the different trains separately.

Estimation of signal detectability

DSD
The results of the Detectsound model predictions for
the DSD signal are presented in Figure 4. At least
three spectral elements are observed within the
design window in five of the six train types when driv-
ing at 80 km/h, in four of the six train types with a
driving speed of 100 km/h, and in three of the six train
types when driving at maximum speed. Spectral ele-
ments exceeding the design window are observed in
four train types when driving 80 km/h, in two train
types with a driving speed of 100 km/h and in one
train type when driving 80 km/h. The signal peaks
exceeded the design window at all driving speeds in
the V-IRM. For the other train types, the outcome of
the Detectsound model varied between the different
driving speeds.

ATP
The results of the Detectsound model predictions for
the ATP signal are visualised in Figure 5. At least three
spectral elements are observed within the design win-
dow in two of the six train types when driving 80 km/
h, specifically the ICM and mDDm. None of the model
predictions at a higher driving speed resulted in at
least three spectral elements within the design win-
dow. Except from in the mDDm with a driving speed

Figure 2. Decay in sound pressure level in dB SPL for ATP
and DSD measured in Mat64. The ATP signal was filtered with
a high-pass filter and a cut-off frequency of 400 Hz. Line graph
plotting the decay in sound pressure level for the DSD and
the ATP signal in 0.2 seconds. Unlike the level of the DSD sig-
nal, the level of the ATP signal decreases.

Figure 3. Octave-band spectra in dB SPL of the ambient noise field in six Dutch train types when driving at 80 km/h, 100 km/h,
and when driving at maximum speed: 120 km/h for Sprinter and V-IRM and 130 km/h for the other trains. Additionally, the A-
weighted equivalent sound pressure levels are shown. Three line graphs displaying the level and the spectrum of the ambient
noise in six Dutch train types when driving at different speeds. At higher speed, higher noise levels are observed.
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Figure 4. Output of the Detectsound software modelling the predicted detectability of the DSD signal in six Dutch train types
when driving at 80 km/h, 100 km/h, and when driving at maximum speed. Spectral elements that fall within the design window
are black and spectral elements that exceed the design window contain stripes. Eighteen bar-line graphs plotting the predicted
detectability of the DSD signal in six Dutch train types driving at three different speeds.
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Figure 5. Output of the Detectsound software modelling the predicted detectability of the ATP signal in six Dutch train types
when driving at 80 km/h, 100 km/h, and when driving at maximum speed. Spectral elements that fall within the design window
are black and spectral elements that exceed the design window contain stripes. Eighteen bar-line graphs plotting the predicted
detectability of the ATP signal in six Dutch train types driving at three different speeds.
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of 80 km/h, no signal peaks are observed exceeding
the design window.

Signal detectability in a laboratory setting

All subjects completed the experiment. There was no
missing data. The A-weighted SNR50 for the DSD and
ATP signal in the background noises of the six train
types are expressed in dB SNR in Table 1. For detect-
ing the DSD signal, the SNR50 ranged from �32.8 to
�23.4 dB SNR. For detecting the ATP signal, the SNR50
ranged from � 47.4 to �25.0 dB SNR. Except for one
train type, the SNR50 was lower for detecting the ATP
signal compared to the DSD signal.

Discussion

This study examined the acoustic characteristics of the
warning signals and the ambient noise in Dutch train
cabins to evaluate the effectiveness of these warning
signals when presented to normal hearing locomotive
engineers. The DSD and ATP signal were shown to
have different acoustic characteristics and the ambient
noise levels depended on train type and driving
speed. Although the DSD and ATP signals both con-
tained more sound energy than the background noise,
the model predictions indicated that the detectability
of the signals was critical in a number of conditions.

The levels of the warning signals were - in accord-
ance with the advice in ISO 7731 – larger than 65 dBA
and softer than 118 dBA. A spectral analysis indicated
that the measured DSD signals did adhere to the ISO
requirements, but the ATP signals did not, because
most sound energy was measured above 4000 Hz. The
measured intensity of the background noise varied
from 53.2 to 77.1 dBA. This is roughly in line with an
earlier study that reported maximum noise exposure
levels between 70 and 80 dBA for locomotive engi-
neers in Norway (Lie et al. 2013). Higher maximum
noise levels were measured in Chinese trains, varying

from 88 to 93 dBA (Peng et al. 2019). The significant
effect of train type and driving speed on the noise
level confirmed the results of Kurze et al. (2000) and
Pronello (2003).

According to ISO 7731, warning signals will be
clearly detectable by normal hearing employees if the
signal energy in one or more 1/3 octave bands is
more than 13 dB higher than the effective-masked-
threshold (ISO 2003). The Detectsound analysis
showed that this criterion is fulfilled for the DSD signal
in all trains, except for the Mat64 when driving at
maximum speed. For the ATP, this criterion is not ful-
filled in most trains when driving at maximum speed.
The ISO method only takes into account the highest
signal component and ignores other spectral compo-
nents. Using the Detectsound criterion of having at
least three signal peaks within the design window for
detection, we anticipated on the fact that detection of
tonal signals may be better when multiple spectral
peaks are more than 13 dB higher than the effective-
masked-threshold (Edworthy 1994).

The lack of spectral elements within the design
window does not necessarily mean that the signal is
inaudible, which is shown by the results of the labora-
tory measurements. The SNR50 varied from �23.4 to
-47.4 dB SNR, indicating that the warning signals
remain audible when adjusted at levels significantly
below the level of the background noise. Contrary to
the Detectsound analysis, the outcomes of the labora-
tory measurements were more favourable for the ATP
signal than for the DSD signal in most trains. A reason
might be that we averaged the ATP measurements
over the first 200ms, although the sound level of the
ATP signal decays over time. The higher onset of the
ATP signal might result in better signal detectability
than the analysis of the short-time averaged level sug-
gests. Another explanation is that Detectsound may
underestimate signal detectability when signal peaks
are present at higher frequencies. According to ISO
7731, it is advised to include warning signals with sig-
nal components in the range of 500 to 2500Hz when
designing a warning signal (ISO 2003). In line with this
recommendation, the Detectsound model does not
take spectral elements above 3100Hz into account,
anticipating on employees with high-frequency hear-
ing loss due to presbyacusis and/or noise exposure
(Gigu�ere et al., 2008). For the DSD signal, the promin-
ent signal peaks were present between 500 and
4000Hz and thus fall mostly within the spectrum of
the design window. Contrary, the most prominent
peaks of the ATP signal were present between 4000
and 8000Hz.

Table 1. Mean A-weighted signal-to-noise ratio’s at which
50% of the warning signals were detected correctly by 6 nor-
mally hearing individuals.

DSD-signal
SNR50 (SD)

ATP-signal
SNR50 (SD)

Mat’64 �23.4 (3.0) �44.2 (3.6)
Loc1800 �27.7 (1.3) �39.5 (3.0)
Sprinter �28.1 (4.8) �47.4 (4.4)
ICM �29.2 (2.2) �44.6 (3.2)
mDDm �32.8 (1.7) �25.0 (1.3)
V-IRM �26.6 (1.6) �44.8 (3.4)

The DSD and ATP signal were presented in the ambient noise of six train
types. SNR50: The signal to noise ratio at which 50% of the warning sig-
nals were detected correctly.
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In this study, we focussed on the spectral elements
of the warning signals, although the temporal struc-
ture of a warning signal can influence detectability
(Misdariis et al., 2013). We observed distinctive differ-
ences in temporal characteristics between the two
warning signals. The ATP signal decays over time and
the DSD signal does not, which might facilitate dis-
crimination between the two signals (Edworthy 1994;
Graham 1999). Moreover, the ATP signal is presented
once if a change in speed is required and three times
when the change in speed is accomplished. If the
maximum speed is exceeded, the ATP is presented
with a longer duration of approximately three seconds.
The ATP signal might be easier to detect if it is pre-
sented three times or with a longer duration.
However, a detailed analysis of the temporal structure
of the warning signals was beyond the scope of
this study.

Some study limitations need to be mentioned. First,
the criteria from the Detectsound model and the ISO
are based on warning signals that can occur unexpect-
edly. In a train cabin, the auditory signals occur often
and are thus expected and very well-known by the
driver. However, because it is vital that a locomotive
engineer does not miss these warning signals, even in
very tense situations, the detection models used are
deemed relevant. Second, since the acoustical meas-
urements took place in 2006 and 2007, the measure-
ments in this study do not cover all train types that
are currently in use. Also, all Mat64s have been
decommissioned in 2016. The result that the detect-
ability of the DSD and ATP signal was critical in the
Mat64 is therefore less relevant for current practice.
The train equipment of the included trains has not
changed, with the exception that it used to be pos-
sible to open the window in some locomotive cabins,
but at present these windows cannot be opened any-
more. This does not influence the applicability of our
results, since all measurements were performed with
closed windows. Third, the experimental design did
not allow full control over the selection of the railway
tracks. Consequently, the number of measurements
and the measured driving speed differed between the
train types. Fourth, it is not possible to use these
measurements to obtain an accurate estimate of the
daily noise exposure of locomotive engineers.
However, since the average measured sound levels
were much lower than 80 dBA, it is reasonable to
assume that prolonged driving on these trains does
not exceed the current Dutch and European first
action level of 80 dBA averaged over an eight-hour
shift (STB10053, 2006; Directive 2003/10/EC).

The large differences in predicted signal detectabil-
ity between different driving situations suggest that it
is important to take different driving situations into
account when evaluating signal detectability inside a
train cabin. Having high enough signal levels to
ensure good signal detectability at maximum speed
can imply that signals are too loud at lower speed
rates. Warning signals that automatically adjust their
level according to the background noise may there-
fore be warranted. Also, it is important to not only
focus on detectability, but also evaluate the subjective
experience of locomotive engineers. A signal with
good audibility at high driving speed, may be experi-
enced as annoying at a lower speed. Although it is
likely that the results of this study reflect the real-life
working situation of Dutch locomotive engineers, sit-
uations may occur in daily practice that make signal
detection even harder. For example higher noise levels
have been associated with passing vehicles at station
platforms (Neitzel et al. 2009) and with crossing a tun-
nel (Dinno, Powell, and King 2011; Phan and Jones
2017). Since the underlying physical mechanism for
detecting an alarm in noise might depend on the SNR
(Karunarathne et al. 2018), we need to be careful with
generalizing the results to other SNR’s.

Contrary to an earlier study that assessed the
acoustic requirements for speech communication in
Dutch train cabins (Houben, Sorgdrager, and Dreschler
2007), we found that the acoustic requirements for
warning signal detectability were not always met.
Thus, the fact that a workplace fulfils the acoustic con-
ditions for speech communication, does not necessar-
ily mean that the conditions for another hearing
critical task, detecting warning signals, are also ful-
filled. This stresses the importance of evaluating the
acoustical requirements for different hearing critical
jobs separately. By assessing the acoustical require-
ments in multiple work-settings, the work settings can
be identified in which performance of the hearing crit-
ical job is the most critical. This has the advantage
that acoustical or environmental work modifications
can then be undertaken to ensure safe and effective
job performance in all work settings. Further, identifi-
cation of the most hearing critical work situations is
useful for designing auditory fitness for job assess-
ments. If an employee is capable of fulfilling an audi-
tory task sufficiently in the most unfavourable acoustic
environment, it is likely that the same task will also be
successfully fulfilled in a less noisy environment. This
method could be used to assess multiple workplaces
in which hearing critical jobs are performed, such as
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the workplace of police officers, firefighters, and coast
guard employees.

This research revealed that the noise levels in
Dutch train cabins range between 53.2 and 77.1 dBA,
depending on the train type and driving speed.
Although the levels of the auditory warning signals
are higher than the background noise levels, the
acoustical requirements for signal detectability were
not met in multiple driving conditions, especially at
higher speed. Normally hearing subjects who can
make use of high frequency signal peaks were able to
compensate for the suboptimal acoustic conditions,
but difficulties can be expected in unfavourable driv-
ing situations or when the engineer suffers from hear-
ing loss. To ensure safe and effective job performance
in all driving situations, the detectability of warning
signals in Dutch train cabins warrants further atten-
tion, particularly when hearing loss is present.
Acoustical, environmental or work modifications might
be required to prevent situations with insufficient
audibility in hearing-impaired engineers.
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